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ABSTRACT 

     A novel design and implementation of a cognitive methodology for the on-line auto-tuning 

robust PID controller in a real heating system is presented in this paper. The aim of the proposed 

work is to construct a cognitive control methodology that gives optimal control signal to the heating 

system, which achieve the following objectives: fast and precise search efficiency in finding the on-

line optimal PID controller parameters in order to find the optimal output temperature response for 

the heating system. The cognitive methodology (CM) consists of three engines: breeding engine 

based Routh-Hurwitz criterion stability, search engine based particle swarm optimization (PSO) and 

aggregation knowledge engine based cultural algorithm (CA). Matlab simulation package is used to 

carry out the proposed methodology that finds and tunes the optimal values of the robust PID 

parameters on-line. In real-time, the LabVIEW package is guided to design the on-line robust PID 

controller for the heating system. Numerical simulations and experimental results are compared with 

each other and showed the effectiveness of the proposed control methodology in terms of fast and 

smooth dynamic response for the heating system, especially when the control methodology 

considers the external disturbance attenuation problem. 

 

Key words: robust pid controller, cognitive, cultural algorithm, particle swarm optimization, 

heating system, matlab, labview. 
 

 

لنظام  بتنغين تلقائي بشكل حي هتصل يطر تناسبي تكاهلي تفاضلي هتينهج الإدراكي في تصوين هستطبيق الون

 حراري حقيقي

 
 أحوذ صباح عبذ الأهير الأعرجي

 أسخار هساعذ دكخىس

 الجاهعت الخكٌىلىجيت -قسن هٌذست السيطشة والٌظن 

 

 الخلاصة

ضلي هخيي بخٌغين حلقائي وبشكل حي هخصل في هزا البحذ, حن حصوين وحٌفيز هٌهج إدساكي جذيذ هبخكش لوسيطش حٌاسبي حكاهلي حفا

هى بٌاء هٌهجيت السيطشة الوذسكت والخي حعطي أهزل أشاسة سيطشة لٌظام  الوقخشح هزا العول هي هذفالأى  لوٌظىهت حشاسيت حقيقيت.

طش وبشكل حي يجاد اهزل قين لعٌاصش الوسيلإ عاليت هي حيذ السشعت ودقت البحذ الحشاسي والخي حققج الغاياث الخاليت9 كفاءة

أى هٌهج الإدساكي الوقخشح يخألف هي رلاد هحشكاث9 هحشك الٌسل  يجاد أفضل اسخجابت حشاسيت للٌظام.لإهخصل والخي حؤدي 
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وأساسه هعياسيت ساود هيشوحض الأسخقشاسيت, وهحشك البحذ وأساسه حشذ الجسيواث الأهزليت, وهحشك الوعشفت الوخجوعت وأساسها 

يجاد وحٌغين القين الأهزليت لإقذ حن اسخخذام حقيبت الواحلاب البشهجيت للوحاكاة كأداة لخٌفيز الوٌهج الوقخشح ل الخىاسصهيت الحضاسيت.

 للوسيطش الخٌاسبي الخكاهلي الخفاضلي الوخيي وبشكل حي هخصل.

الوخيي وبشكل حي هخصل فيى البشهجيت لخصوين الوسيطش الخٌاسبي الخكاهلي الخفاضلي الحقيقي حن اسخخذام حقيبت اللاب في الضهي 

الوٌهج السيطشة الوقخشح هي حيذ  الوحاكاة العذديت و الٌخائج الخجشيبيت قىسًج هع بعضها البعض لبياى فعاليت لٌظام الحشاسي.

 الٌاعوت لٌظام الحشاسي, خصىصا عٌذها اخز بٌظش الاعخباس هشكلت الخضعيف للضىضاء الخاسجيت.      تالسشعت والاسخجابت الذيٌاهيكي

 

الوسيطش الخٌاسبي الخكاهلي الخفاضلي الوخيي, الإدساك, الخىاسصهيت الحضاسيت, حشذ الجسيواث الاهزليت, هٌظىهت الكلوات الرئيسية:

 حشاسيت, هاحلاب, لاب فيى.

 
1. INTRODUCTION 

Over the past decade, more than 90% of industrial controllers are still implemented based on PID 

control algorithms as no other controller matches the simplicity, effectiveness, robustness, clear 

functionality and ease of implementation, Zhao, et al., 2011. Several approaches have been used for 

tuning the parameters of PID controllers such as Ziegler-Nichols method, Duarte, and Jose, 2006. 

In last years, time domain performance, frequency domain performance and robust performance 

criterion have been used in designing PID controllers where the output of PID controllers 

(proportional - integral - derivative) are a linear combination of its input i.e. the proportion of the 

input, the integral of input and the derivative of the input, Hagglund, and Astrom, 1996. 

However, PID controller is sensitive to plant parameter variations and the controller gains must be 

carefully selected for a desired response, thus the motivation for this work is the robustness which is 

an important criterion in controller design because most of the real systems are vulnerable to 

external disturbance, measurement noise and model uncertainty. While many industrial plants are 

often burdened with problems such as high order, time delays, and nonlinearities; therefore, it has 

been quite difficult to tune properly the gains of PID controllers. So there are many algorithms to 

tune the parameters of the PID controller in order to avoid these problems in the prosperities of 

systems: The comparison of various intelligent techniques used for temperature control of water 

bath system that consists of different control schemes namely PID, PID using Genetic Algorithms 

(GA-PID), Fuzzy Logic Control, Neural Network, Adaptive Neuro-Fuzzy Inference System 

(ANFIS), and GA-ANFIS have been proposed in Saini, and Rani, 2012.  

In addition to that, design and implementation of a temperature control system of the thermal 

analyzer by combining fuzzy and PID control methods and accomplishing a comparative experiment 

of conventional PID with fuzzy self-tuning PID control method was explained in Dong, et al., 2009. 

In Wei, 2010, was explained the algorithm that it improves the performance of the temperature 

control system based on fuzzy self-tuning PID. Also it investigated the applicability of Model 

Predictive Control (MPC) strategies to heating processes as proposed in, Sbarciog, et al., 2008, and 

used the nonlinear extended prediction self-adaptive control algorithm for the heated tank 

temperature. 

The fundamental essence of the contribution of this work is to overcome the building of robust 

controller that has high order than that of the system where the controller is not easy to implement 

for this system in practical engineering application. This difficulty can be solved by the proposed 

algorithm that built a robust PID controller through applying the cognitive control methodology 

based CA and PSO technique, the proposed algorithm works as on-line auto-tuning for the PID 
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controller parameters on the real-time without time consuming as well as no requiring for tedious 

efforts. 

In this paper, experimental investigation is carried out for the appropriate on-line auto-tuning 

parameters of the robust PID controller that controls the temperature of heating system using 

cognitive methodology to obtain the best temperature response achieved in real-time based on 

LabVIEW package. 

The remainder of this paper is organized as follows: section two, describes the mathematic model of 

the heating system. In section three, the proposed cognitive control methodology for robust PID 

controller is explained. The Matlab simulation results of the proposed control algorithm are 

presented in section four.  Hardware design and real-time results based on LabVIEW package are 

presented in section five and finally the conclusions are drawn in section six. 
 

2. HEATING SYSTEM MODEL 

The heating system model can be derived using the linear heat balance dynamic equation as follows, 

Ogata, 2003: 

Heat input – Heat output = Heat accumulation 

 

)()()( tQtQtQ Acclossi                                                                                                      (1) 

 

Unsteady equation is:  
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Steady equation at t=0 is 
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The difference between the Eqs. (2 and 3) becomes Eq. (4). 
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By taking Laplace Transformation for Eq. (4) in order to find the T.F. for the heating system as 

follows: 
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where hAK /1  and hAMcp / . 
 

The real parameters implemented in the design of heating system are shown in Table.1. 

After applying the real parameters of the heating system as in Table 1. in the T.F. Eq. (7), the model 

equation for the heating system will be as Eq. (8): 
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3. ROBUT PID CONTROLLER DESIGN 

PID control is widely applied in industrial practice because of its simple structure that consists of 

three terms: proportional, integral and derivative where the standard form of a PID controller is 

given in the s-domain as Eq. (9), Zhong, 2006. 

 

sK
s

K
KDIPsGc d

i
p )(                                                                                                            (9)                                                                  

 

where Kp, Ki and Kd are called the proportional gain, the integral gain and the derivative gain 

respectively. 

The PID controller is very important because it is necessary to stabilize the tracking error of the 

heating system temperature when the output temperature drifts from the desired temperature. 

After understanding the profound theoretical fundamental for the PID parameters tuning algorithms 

and employing these algorithms in designing a robust PID controller especially for system model 

which has uncertain parameters such as Tair which causes the heat loss disturbances that effect on the 

temperature output of the real system  

A novel cognitive control methodology is proposed to find and tune on-line the PID control 

parameters in order to get a good evaluation of the performance rejection of the heat loss 

disturbance and uncertain parameter for the real system then to obtain the optimal and robust PID 

control action. 

Thus, the proposed cognitive control methodology has the characteristics of high control ability, 

strong adaptability, good dynamic characteristic and robustness. 

The proposed structure of the on-line auto-tuning robust PID controller of the heating system can be 

given in the form of block diagram, as shown in Fig. 1.  

 

3.1 Cognitive Control Methodology  

Cognitive control methodologies have been proven to be a source of inspiration and guidance to 

overcome current limitations in the controller for complex and adaptive systems by aggregation 

knowledge and to structure this knowledge autonomously, Al-Araji, 2012. 

The proposed cognitive control methodology consists of three engines: Aggregation Knowledge 

Engine, Search Engine and Breeding Engine.   

The aggregation knowledge engine based on cultural algorithm (CA) has been developed by 

modeling how human culture work. Culture is viewed as a vehicle for storing relevant information 

gathered since the start of the culture, and is available to all the subsequent generations of the 

society, Brownlee, 2011, and Yan, and Wu, 2011. This information can be useful for the 
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generations to guide their problem solving activities, at the same time being dynamically modified 

by new information gathered by each new generation. The CA is modeled using two separate 

information spaces: 

 Population Space. 

 Belief Space. 

The population space contains the set of possible solutions to the problem available in the present 

generation and evaluates with a performance function. The belief space models represent the actual 

cultural aspects. It stores information related to the problem solution that it has been found till the 

present generation and in turn influences to the evolution of the population space in subsequent 

generations thus the belief space is composed of a few knowledge sources, normative knowledge 

and situational knowledge. Communication between the two spaces is handled by a protocol 

consisting of two functions:  

 An acceptance function, which selects the set of individuals that will influence the belief 

space.  

 An influence function, which influences the creation of the next generation. 

In addition the belief space requires an update function which is basically responsible for updating 

the belief space when it is required. The structure diagram of the communication protocol in the 

cultural algorithm is shown in Fig. 2. 

The search engine will be used as a pre-search engine to feed the population space in the 

aggregation knowledge engine with a selected number of the best solution in order to speed up the 

process of finding and tuning the optimal PID control parameters and reducing the over all number 

of function evaluation.   

In the proposed work, the search engine is based on particle swarm optimization (PSO) as fast and 

simple technique algorithm. PSO algorithms use a population of individuals (called particles) “flies” 

over the solution space in searching for the optimal solution, Fang, et al., 2011, and Chiou, et al., 

2012. The particles were mainly utilized to determine three PID controller parameters kp, ki and kd 

as a particle K by ],,[ kdkikpK  with its dimension being 3POPpre 
. 

where poppre is the number of pre-search particles. 

The search engine will be fed continuously at each time instant by the breeding engine which is used 

to generate continuous random solutions with two conditions. 

The first condition is that all random solutions should be lie within the practical experience values, 

as follows: 
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The second condition is that all random solutions should be submitted to Routh-Hurwitz criterion to 

check the closed-loop system stability. Mean Square Error (MSE) function for heating system is 

chosen as criterion for estimating the model performance to be minimized, as Eq. (11): 
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where  

pop is number of particles. 
)(k

desired
T is the desired temperature at k iteration. 

)(k

output
T is the output temperature at k iteration. 

In pre-search, each particle has its own position [kp, ki and kd] and velocity [ kp , ki and kd ] to 

move around the search space.  

The previous best value of the particle is called as pbest. Thus, pbest is related only to a particular 

particle. It also has another value called gbest, which is the best value of all the particles pbest in the 

swarm.  

Particles are updated afterwards according to Eqs. (12, 13, 14, 15, 16 and 17): 
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prepopm ,.....3,2,1  

where  
k

mK is the weight of particle m at k iteration. 

c1 and c2 are the acceleration constants with positive values equal to 2. 

r1 and r2 are random numbers between 0 and 1. 

mpbest is best previous weight of m
th

 particle.   

gbest is best particle among all the particle in the population. 

It is proposed that 25% from the pbest particles of the pre-search engine individuals will be travelled 

to the aggregation knowledge engine in order to have a cognitive particles re-generation. The 

cognitive particles are evaluated by using a performance function to see how close they are to the 

optimal solution. In order to find the optimal set of the PID controller parameters, it needs to update 

the cognitive particle Kc = [kpc, kic, kdc] by using the two levels of CA communication through the 

acceptance function and the influence function. The acceptance function determines which cognitive 

particles from the current population are selected to impact the belief space. In this work, it is 

proposed that the acceptance function selects 20% from the cognitive particles depending on a good 

step response with minimum settling time (ts), rise time (tr) and MSE as a performance index in time 

domain.  
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Belief space is composed of normative knowledge and situational knowledge components. The 

normative knowledge component is composed of the upper and lower bounds of (ts, tr and MSE) of 

the variables cognitive particles accepted. The situational knowledge is a set of the elite kpc, kic and 

kdc. 

ckp ,
cki and 

ckd  in the cognitive PSO algorithm are influenced by belief space. The direction of 

changing („velocity‟) is determined by the difference between situational knowledge (kpc)s, (kic)s 

and (kdc)s in belief space and the checked values of the resolution parameters, as Eq. (18).  
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If 
ckp ,

cki and 
ckd  are too high, cognitive particles might fly past good solutions. If 

ckp ,
cki and 

ckd are too low, cognitive particles may not explore sufficiently beyond local solution. The 

influence function will lead the evolutionary process for the next generation through the normative 

knowledge vector that consists of: 

 
ckp ,

cki and 
ckd . 

 Cognitive acceleration values cc1,cc2. 

 Random number function rc1,rc2 between 0 to 1. 

 Inertia weight factor for the velocity  c  

In order to update the cognitive particles velocity, Eqs. (19, 20, and 21) are used in the next 

iteration. 

 

)()()(
2211

1 cccccc k

nc

k

ccc

k

nc

k

nccc

k

ncc

k

nc KpgbestrcKppbestrcKpKp 
                                                                                   (19) 

 

)()()(
2211

1 cccccc k

nc

k

ccc

k

nc

k

nccc

k

ncc

k

nc KigbestrcKipbestrcKiKi 
                                                                                   (20) 

 

)()()(
2211

1 cccccc k

nc

k

ccc

k

nc

k

nccc

k

ncc

k

nc KdgbestrcKdpbestrcKdKd 
                                                                                   (21) 

 

The Eqs. (22, 23 and 24) for updating and next generation of cognitive particles, as follows:   
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where  

popc is number of  cognitive search of cognitive particles. 
ck

ncK is the weight of cognitive particle n at kc iteration. 
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cnpbest is best previous weight of n
th

 cognitive particle.   

cgbest is best cognitive particle among all the cognitive particles in the population space. 

After updating and generating new cognitive particles of the PID parameters in the population space 

for the next iteration by using Eqs. (19, 20, 21, 22, 23 and 24), two conditions should be applied; the 

first condition is checking of the range acceptance of robust PID controller parameters as Eq. (10) 

for achieving the stability and second condition is applying Eq. (11) in order to estimate the value of 

the cost function for each particle, if one or  two conditions are not true, this mean 
ckp ,

cki or 
ckd  

violated the normative knowledge and it is forced back into the cognitive search space dictated by 

the normative knowledge. Else, at the end of each best cognitive particle generation, the normative 

knowledge is updated with the bounds of the accepted particles and the situational knowledge 

component is updated if necessary. Then continue the proposed algorithm until finding the optimal 

values of the robust PID controller parameters.  

 

4. SIMULATION RESULTS 

This section discusses the mapping between the real heating system and the numerical simulation by 

using Matlab package. The signal of the proposed robust PID controller will feed the heater unit of 

the heating system and this signal has to be within range (0 to 1500)watt because of the specification 

of real heater actuator ,therefore; will need a linear relationship with saturation transfer function (0-

1500) in order to satisfy gain mapping and to limit the heater actuator output for the real heating 

system modeling. 

To show the dynamic behavior of the heating system, the open loop step response of the temperature 

for the heating system is shown in Fig. 3, when applying a 21.49watt as input step change in the 

heater actuator of system in order to increase the heating system temperature by 1C
o
 with reference 

to its temperature at the initial condition which is equal to 25C
o
. The settling time for the 

temperature response of the heating system is equal to 39.83 minute and rise time is equal to 22.33 

minute and the time constant is equal to 10.2 hour. The sampling interval for the heating system is 

chosen to be 1 minute using Shannon theorem.  

The proposed robust PID controller scheme, as in Fig. 1, is applied to the heating system model and 

it used cognitive methodology for auto-tuning the parameters of the PID controller on-line to find 

the best temperature response for the heating system.  

The proposed cognitive methodology is set to the following parameters: 

Population of pre-search is equal to 100. 

Population of cognitive search is equal to 25. 

Population of belief space is equal to 5. 

Situational knowledge is equal to 35 . 

Normative knowledge is equal to 81 . 

Number of weights in each particle is equal to 3 because there are three parameters for PID 

controller. 

Number of pre-search iteration (k) is equal to 10. 

Number of cognitive iteration (kc) is equal to 20. 

Figs. 4a, 4b and 4c represent the simulation results of the closed loop time response of the 

temperature control system with on-line auto-tuning robust PID controller based on cognitive 

methodology with initial temperature 25C
o
 and with proposed external disturbance function as Eq. 
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(25) which has been added in order to investigate the robustness and adaptation of the PID controller 

and to evaluate the performance rejection of the heal loss and model uncertainties. 

)10sin(10)( kttd                                                                                                                                     (25) 

 

Fig. 4a shows the response of the output temperature of the heating system to a step change, it had 

no over shoot and the steady-state error was approached to zero value in each step when the desired 

steps change in temperature were (50, 60 and 70) C
o
 and the external disturbance effect was very 

small during sixty samples. 

The robust PID control action response is shown in Fig. 4b that it had few spikes in response to the 

desired step change in temperature with very small oscillation in order to keep the temperature 

output of the heating system within desired range and minimize tracking temperature error of the 

system and reduce the disturbance effect on the heating system. 

Fig. 4c shows the error between the desired temperature and the temperature output of the heating 

system. The error was small value in the transient at each step change and became much close to 

zero in steady state with very small oscillation. The optimal parameters kpc, kic and kdc at each 

sample for the robust PID controller that have been tuned on-line based on cognitive methodology 

are shown in Figs. 5a, 5b and 5c respectively. 

Fig. 6 shows the optimal “velocity”
ckp ,

cki and 
ckd  at each sample that have been calculated in 

the belief space in order to influence the particles kpc, kic and kdc of the next generation. 

 

5. HARDWARE DESIGN AND REAL-TIME RESULTS  

In this section, the experimental setup for the real-time heating system temperature control is 

shown in Fig. 7. 

The setup of heating system consists of: 

 The water tank that has volume (30, 25, 30) cm. 

 AC heater actuator that has heat energy range (0-1500) watt. 

 Temperature sensor LM134 with operation range (0 to 100) C
o
. 

 Data acquisition device from National Instrument NI Company type 6009USB with guided 

LabVIEW package. 

 Digital phase controller based AT89C51 micro-controller to control power magnitude. 

 AC drive circuit based Triac device. 

 Electronic circuit board for signal conditioning based operational amplifier TL064. 

 DC power supply that provides power to the circuitry. 

 Laptop computer type Pentium dual-core 1.73GHz is used for the real time computation. 

In the real-time computer control system based on LabVIEW package, the cognitive 

methodology has been applied to find optimal parameters for robust PID controller that controlled 

the temperature of the heating system in the real-time with sampling time equal to 1 minute. The 

front panel diagram of the control algorithm has been written in the LabVIEW, as shown in Fig. 8. 

Fig. 9 shows the electronic circuit diagram design for the temperature control system and it consists 

of multi-stage as follows: the first stage is signal conditioning circuit which includes a voltage 

follower with unity gain to avoid the attenuation in the feedback signal of the temperature sensor 

LM134 and the first order low pass filter stage that has a cutoff frequency of 10Hz which will 

remove possible noise components that occur in the sensor outputs especially within main supply 

frequency at 50Hz. This filter is built using TL064 quad operational amplifier, Faulkenberry, 1986. 
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The output of this amplifier is fed to the gain amplifier stage that amplified the sensor signal by five 

times in order to make the sensitivity of this sensor equal to oCmV /50 instead of oCmV /10 that make the 

full range of operation (0 to 5) volt then its fed to the analog to digital converter ADC 14 bit high 

speed low power successive approximation converter of the NI-DAQmx-USB 6009 device with 

range of input voltage (0 to 5) volt as a second stage.  

Inside the personal computer, LabVIEW software instructions compares the sensed temperature 

signal received via this interface with the set-point desired temperature. The resulting error is given 

as an input to the robust PID controller and found the optimal parameters of the PID controller by 

using cognitive control methodology that has been built in the LabVIEW package. 

The optimal digital control action generated from the robust PID controller will be sent to the digital 

phase controller which operates as a phase and magnitude detector for the Alternative Current (AC) 

by using micro-controller AT89C51, as third stage.  

The digital data of control action is sent to the NI-DAQmx-USB 6009 device though the USB 

connector then the digital data will be sent as eight bits within range (00 - FF)hex to the port two 

(P2.x) of digital phase controller in order to analyze this data by using the assembly program of 

AT89C51, Scott Mackenzie, 1999, which convert the digital data action (00 - FF)hex to generate 

the firing angle pulse on the gate of the Traic device BT136 through isolator pulse transformer to 

control the AC power of the heater actuator (0 – 1500) watt. Assume the AC frequency is equal to 

50Hz, the firing angle pulse has range from (0 – 20) msec. 

The isolator circuit interface has been used between the DAQ (Data Acquisition) card and the heater 

actuator to prevent the possibility of any back-flow of AC current to the DAQ card from Triac 

device controller of heater actuator. 

The phase detector control action program has been written in assembly language of AT89C51 

microcontroller, as shown below: 
ORG 000h 

 SJMP START 

ORG 003H 

 MOV IE,#00H 

 MOV R0,P2 

 CLR TF0 

 CLR TR0 

Count: MOV TL0,#0DCH 

 MOV TH0,#0FFH 

 SETB TR0 

Cheak1:     JNB TF0,Cheak1 

 CLR TR0 

 CLR TF0 

 DJNZ R0,Count 

 SETB P1.0 

 MOV TL0,#18H 

 MOV TH0,#0FCH 

 SETB TR0 

Cheak2: JNB TF0,Cheak2  

 CLR TR0 

  CLR TF0 

 CLR P1.0 

 MOV IE,#81H 

 RETI 

START:     CLR P1.0 
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  CLR TF0 

 CLR TR0 

 MOV TMOD,#01H 

 MOV IE,#81H 

 MOV IP,#01H 

 SETB IT0 

Cheak3:     SJMP Cheak3 

END 

The temperature response for the heating system in real-time was estimated within one hour, as 

shown in Fig.10a. It can be seen that response has three steps change in the desired temperature (50, 

60 and 70) C
o
 and at steady state, the response has small fluctuation due to convection current of 

heat transfer in water of the heating tank. 

The tracking error between the desired temperature and the actual temperature output of the heating 

system is shown in Fig. 10b. The firing angle signal of the AC heater driver circuit is shown in Fig. 

10c.  

The response of the feedback robust PID control action is shown in Fig. 10d. It has spike during the 

step change in the desired temperature as well as a small oscillation can also be observed. This 

action of the controller has kept the temperature of the heating system within the desired value with 

minimum tracking temperature error and it has attempted to reduce the disturbance effect on the 

heating system. 

In fact, there are small differences in results between the numerical simulation and real-time control 

system because in the real-time state there were accumulation errors such as undesirable 

characteristics of temperature sensor "non-linearity, drift, and offset", offset in the operational 

amplifier output, and the quantization error of the analog to digital converter; therefore, the results in 

the real-time had small fluctuation in the actual temperature output of the heating system. 

 

6. CONCLUSIONS 

A robust cognitive PID temperature control methodology for the heating system model has been 

designed and tested using Matlab package and carried out in real-time using LabVIEW package on 

the real heating system model.  

Simulation and real-time computer control results show evidently that the proposed robust PID 

controller model has demonstrated effectively the capability of tracking desired temperature as well 

as evaluating the performance rejection of the heat loss disturbance and uncertain parameter of the 

real system, especially with regards to the external disturbance effect. 
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Figure 4a. Heating system output temperature simulation. 
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Figure 4b. Control action simulation. 
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Figure 4c. Output temperature error simulation. 
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Figure 5. Optimal parameters of robust PID controller: a) Proportional gain; 

 b) Integral gain; c) Derivative gain. 
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Figure 6. Simulation of the best gains velocity. 
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Figure 7. The experimental work in the real-time temperature control system. 
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Figure 8. Front panel diagram for control algorithm. 
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Figure 10. (a) Actual temperature output for heating system; (b) Temperature error; 

 (c) Actual firing angle; (d) Actual control action. 

 

d 

R1

1.59kΩ

R22.5kΩ

C1
10µF R4

2.5kΩ
R310kΩ

U1A

TL064ACD

3

2

11

4

1

U1B

TL064ACD

5

6

11

4

7

U1C

TL064ACD

10

9

11

4

8

89C51

8051

P1B0T2
1

P1B1T2EX
2

P1B2
3

P1B3
4

P1B4
5

P1B5MOSI
6

P1B6MISO
7

P1B7SCK
8

RST
9

P3B0RXD
10

P3B1TXD
11

P3B4T0
14

P3B5T1
15

XTAL2
18

XTAL1
19

GND
20

P2B0A8
21

P2B1A9
22

P2B2A10
23

P2B3A11
24

P2B4A12
25

P2B5A13
26

P2B6A14
27

P2B7A15
28

P0B7AD7
32

P0B6AD6
33

P0B5AD5
34

P0B4AD4
35

P0B3AD3
36

P0B2AD2
37

P0B1AD1
38

P0B0AD0
39

VCC
40

P3B2INT0
12

P3B3INT1
13

P3B6WR
16

P3B7RD
17

PSEN
29

ALEPROG
30

EAVPP
31

12MHz

CRYSTAL_VIRTUAL

C2

33pF

C3

33pF
T1

D1

1B4B42

1

2

4

3

R5
100kΩ

R6
100kΩ

R7
100kΩ

U3A

LM339D

7

6

3

1

12

D2
1N4007

VDD 12V

R8
1kΩ

VCC

5V

U4A

40106BD_5V

T20

1

2

3

D3
BT136-G

Q1

2N2222

VCC

5V

R9

1kΩR10
100kΩ

VCC 5V

 

220 Volt 

AC 

Signal from 

Temperature  

Sensor 

Fire Angle Signal  

Figure 9. The schematic diagram of the electronic control circuit. 
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 Table 1. Heating system real parameters. 

Real parameter Values 

A: surface area of the tank 0.075 2m  

h: over heat transfer coefficient  11 oCmwatt 2/  

M: mass of water in tank 7.5 kg 

cp: specific heat of water 4.2 okgCKJ /  
 

 

 


